Alzheimer's disease (AD) is characterized by the deposition of amyloid-b (Ab) plaques, neuronal loss and neurofibrillary tangles. In addition, neuroinflammatory processes are thought to contribute to AD pathophysiology. Maitake (Grifola frondosa), an edible/medicinal mushroom, exhibits high nutritional value and contains a great amount of health-beneficial, bioactive compounds. It has been reported that proteo-b-glucan, a polysaccharide derived from Maitake (PGM), possesses strong immunomodulatory activities. However, whether PGM is responsible for the immunomodulatory and neuroprotection effects on APP swe /PS1 DE9 (APP/PS1) transgenic mice, a widely used animal model of AD, remains unclear. In the present study, the results demonstrated that PGM could improve learning and memory impairment, attenuate neuron loss and histopathological abnormalities in APP/PS1 mice. In addition, PGM treatment could activate microglia and astrocytes and promote microglial recruitment to the Ab plaques. Also, PGM could enhance Ab phagocytosis, and thereby alleviate Ab burden and the pathological changes in the cortex and hippocampus in APP/PS1 mice. Moreover, PGM showed no significant effect on mice body weight. In conclusion, these findings indicated that administration of PGM could improve memory impairment via immunomodulatory action, and dietary supplementation with PGM may provide potential benefits on brain aging related memory dysfunction.
Introduction
Alzheimer's disease (AD) is the most common neurodegenerative disease and accounts for the most common cause of amnesia in the aging population. 1 It is estimated that close to 150 million people worldwide are affected by AD, which causes an enormous nancial burden on the family and society. 2, 3 Despite remarkable progress in understanding the pathophysiology of AD, current pharmacotherapeutic options are still very limited. Therefore, it is necessary for us to nd suitable medication to prevent the onset of AD and delay its progression.
It has been reported that amyloid-b (Ab) aggregation and deposition is a critical early event in the pathogenesis of AD that initiates a cascade of events including neuronal dysfunction, tau aggregation and hyperphosphorylation, and neuronal death. 1, 4 Ab accumulation has been demonstrated to result from an imbalance between Ab production and clearance in the brain. There is growing evidence that impaired clearance of Ab is responsible for the most common type of AD. 5, 6 Therefore, to redress the imbalance of Ab homeostasis and remove the overproduction of Ab plaques from the brain might be effective strategies to counteract AD. Microglia and astrocytes are two major types of glial cells involved in regulation of neuro-inammation and deposition of Ab. Microglia are thought to regulate the degree of Ab deposition by phagocytosis of Ab aggregates with potentially protective impact on AD progression. 7, 8 Besides providing benecial effects to the host, chronic activation of microglial also led to an overproduction of neurotoxic inammatory cytokines and reactive oxygen species. 9 Taken together, it remains unclear if microglia have a net protective or harmful effect, and the precise mechanisms by which microglia alter the course of AD neuropathology remain poorly understood. Therefore, it is imperative to elucidate how microglia are involved in Ab clearance and characterize their roles in the disease progression of AD.
As an alternative and complementary therapy, functional foods have been attracted a great deal of attention in recent years. It has been suggested that some functional foods may be target candidates for treating AD. 10, 11 For example, ginger and aged garlic extract have been found to be effective in the treatment for AD-related amnesia and neurodegenerative disorders. 10, 12 Like many functional foods, Maitake (Grifola frondosa), which is an edible/medicinal mushroom, has been traditionally used for health promotion and longevity in China. 13 Pharmacological studies revealed that the polysaccharide fractions, which were isolated from Maitake, showed multiple physiological and healthy promoting effects including anti-tumor, anti-inammation and immunomodulation. 14 Among its many biological activities, the immune activity of polysaccharides is recognized as a remarkable feature that can modulate the body's immune functions by regulating immune organs, immune cells and immune molecules. 15 We have reported previously that proteo-b-glucan, a polysaccharide bioactive component of Maitake (PGM), also possessed neuropharmacology activity. 16 Recently, it has been found that the polysaccharides which were extracted from Maitake, could improve cognitive function via inhibiting oxidative stress. 17 However, whether PGM could mediate the activation of microglia and improve the AD pathological features, which contributing to its immunomodulatory property, remains unclear.
Therefore, in the present study, we investigated the effects of PGM on cognitive impairment and neuropathology on APP/PS1 mice, an established AD mouse model. Also, we elucidated the underlying cellular and molecular mechanisms of its effects.
Materials and methods

Animals
Male APP/PS1 double-transgenic mice with a C57Bl/6J background were purchased from Model Animal Research Center of Nanjing University (Nanjing, China). They were bred with wild type (WT) C57BL/6J females at School of Medicine, Yunnan University. Offspring were tail-snipped, and genotypes were conrmed by polymerase chain reaction (PCR), using primers specic for the APP sequence of the APP/PS1 construct (forward GACTGACCACTCGACCAGGTTCTG; GTGGATAACCCCTCCCCC AGCCTAGACC; reverse: CTTGTAAGTTGGATTCTCATATCCG; AATAGAGAACGGCAGGAGCA). Offspring males heterozygous for the APP/PS1 transgenic construct were then age-matched with WT littermates, not expressing the transgene, which were used as controls. Both groups of mice were group housed (n ¼ 4 per cage) in an animal room and allowed access to food and water ad libitum. Animals were maintained on a 12 hour light/dark cycle (lights on/off at 8:00 A.M./20:00 P.M.), within a temperature-controlled room (22 AE 1 C). All animal procedures were carried out in accordance with the Guide for the Care and Use of Laboratory Animals (ISBN: 0-309-05377-3) and were approved by the Institutional Animal Ethics Committee of Yunnan University (ynucare 20180015).
Preparation of proteo-b-glucan from Maitake (PGM)
The method has been described in our previous literature. 16 Briey, the Maitake D-fraction was extracted from Maitake mushrooms, which were prepared in a standardized procedure as described previously by Mushroom Wisdom, Inc. The Dfraction obtained using this standard method showed a single peak with a molecule weight of 1200-2000 kDa by HPLC analysis and consisted of 98% polysaccharide and 2% peptides. We purchased the supplies from Mushroom Wisdom Inc (East Rutherford, NJ, USA) and the products are labeled as containing 30% of the D-fraction solution in water and glycerol. We performed a triple volume of 95% ethanol precipitation procedure to remove the water and glycerol. Aer incubating the mixture for 60 min at room temperature, the samples were centrifuged at 12 000 rcf min À1 at 4 C for 60 min. The precipitate was dried with air and re-dissolved in saline for the animal oral administration. Aer ethanol extraction, the resulting proteo-b-glucan was dened as the proteo-b-glucan from Maitake (PGM). Next, the mixture was incubated for 1 h at room temperature, and then centrifuged at 12 000 rcf min À1 at 4 C for 1 h. The precipitate was dried with air and re-dissolved in saline for further experiment.
Groups and drug administration
The APP/PS1 mice (6 months-old) and age-matched WT littermates were randomly assigned to the following eight groups (n ¼ 12 per group), namely the WT, WT + PGM (5, 10 and 20 mg kg À1 per day, respectively), APP/PS1 and APP/PS1 + PGM (5, 10 and 20 mg kg À1 per day, respectively) groups.
The mice were intraperitoneal injection of PGM or saline on the morning (between 9:00 A.M. and 11:00 A.M.) for consecutive 3 months in a volume of 10 mL kg À1 body weight. Then, the behavioural assessments were conducted once per day for consecutive 7 days. During the period of behavioural assessment, PGM or saline was still administrated to the mice, which lasting for 7 days. All the mice were sacriced on the second day aer the last drug administration ( Fig. 1 ).
Morris water maze (MWM) test
The effect of PGM treatment on the spatial learning and memory abilities of the mice were assessed using the MWM test. Briey, the maze consisted of a stainless steel pool (120 cm in diameter and 50 cm in height) with a submerged escapeplatform (10 cm in diameter) placed 1 cm below the water surface. The water temperature was maintained at 23 AE 1 C. Mice were randomly placed into one of the four quadrants facing the maze wall and allowed to search for the platform. The time required to nd the hidden platform was recorded as the escape latency. The mice were given a maximum of 60 s to nd the hidden platform. If the mouse did not nd the platform within 60 s, it was guided to the platform and allowed to stay for 3 s, and the maximum escape-latency score of 60 s was assigned. The spatial learning task consisted of six consecutive days of testing, with three trials per day. To test spatial memory, a single probe trial was performed twenty-four hour aer the last spatial learning task. The mice were placed into the quadrant opposite to the target quadrant. Mice were allowed to swim freely without the platform for 60 s. The numbers of crossings through this quadrant were recorded.
Preparation of brain sections
Following the behavioral tests, the mice were anesthetized with chloral hydrate (400 mg kg À1 ) at a volume of 0.1 mL per 10 g body weight and perfused transcardially with phosphatebuffered saline (PBS; Boster, China) for about 20 min followed by 4% cold paraformaldehyde (PFA) in PBS for another 20 min. Brains were xed in 4% PFA overnight and then immersed in 10%, 20% and 30% sucrose at 4 C till the brain sank to the bottom for dehydration. Serial coronal sections (5 mm and 20 mm) were cut on a freezing microtome (LEICA CM1950, Germany). All the sections were stored at À80 C in a specic frozen solution aer 1 h baking at a constant 50 C dryer.
Histological analysis by haematoxylin and eosin staining
The coronal sections (5 mm), which were stored at À80 C, were kept for 15 min at room temperature. Then, the sections were stained with Mayer's hematoxylin followed by Eosin-Phloxine B. Aer mounted with coverslips, the bilateral hippocampal dentate gyrus (DG), CA1 and CA3 areas damage were observed under a light microscope (Leica DM2500, Germany).
Nissl staining
For Nissl staining, aer keeping at room temperature for 15 min, the sections were rinsed with PBS for 3 min. Then, the sections were immersed in 95% ethanol for 5 min at room temperature followed by immersed in 0.1% Nissl staining solution (Cresyl Fast Violet) (C9140-1g, Cat: G1430, Lot: MKCC9169, Solarbio) for 30 min in an oven at 60 C. Aerward, sections were mounted for imaging under a light microscope (Leica DM2500, Germany).
Immunohistochemistry
The sections were incubated with 0.3% H 2 O 2 in methanol for 10 min to inhibit endogenous peroxidases. Aer three washed with PBS, the sections were blocked with 10% normal goat serum for 20 min at room temperature, and then incubated with primary antibody anti-Ab 1-42 (1 : 200, 14974, CST, USA) overnight at 4 C. Aer washing, the sections were incubated with biotinylated anti-rabbit secondary antibodies (Boster, China) in PBS for 30 min at 37 C. Then, the sections were incubated with avidinbiotin peroxidase solution (SABC kit, Boster, China) and colorized with a 3,3-diaminobenzidine (DAB) kit (Boster, China). The sections were observed under a light microscope (Leica DM2500, Germany).
Immunouorescence
Upon use, the sections were rinsed three times with PBST (0.2% Tween-20 in PBS) and blocked with 1% BSA in PBST for 1 h. Then, the sections were incubated with primary antibodies, which included Iba1 (Cat no.: ab5076, Lot: GR237928-2, 1 : 100, Abcam) and GFAP (Cat no.: 12389S, Lot: D1F4Q, 1 : 200, Cell Signaling Technology) overnight at 4 C. Aer washing, the sections were incubated with Alexa Fluor 488-conjugated goat anti-mouse IgG (Cat no.: 805-545-180, Lot: 139171, Jackson) or Alexa Fluor 594conjugated goat anti-rabbit IgG (Cat no.: 711-585-152, Lot: 136429, Jackson) in PBST containing 5% BSA for 1 h at 4 C, and the nuclear was stained with 4 0 ,6-diamidino-2-phenylindole (DAPI). Then the sections were transferred into a dark box for storage until photograph. Immunouorescence was visualized using an Olympus Fluo View™ FV1000 confocal microscope.
Image analysis
The sections from each mouse (n ¼ 5-8) were selected and digitized by a video camera mounted on a Leica micro-scope (Leica DM2500, Germany). Pictures were further processed using Image-Pro Plus soware (version 6.0) and Adobe Photoshop CS5 (Adobe system). Data were presented by mean value of integrated optical density (IOD) in a total area of 1000 mm Â 1000 mm eld, and quantied by ImagePro Plus version 6.0 soware (Media Cybernetics, Rockville, USA).
Statistical analysis
Results were analyzed using Graph Pad Prism Ver. 5.0 (Graph Pad Soware, La Jolla, CA, USA). All data are expressed as mean AE SD. Differences between two groups were analyzed by Student's t-test or nonparametric Mann-Whitney U test and multiple comparisons were assessed by one-way analysis of variance (ANOVA) with Turkey post hoc test. Any experimental data value greater than mean plus 2 Â standard deviations (SDs) from a group was considered an outlier and was not considered in the analysis. P value < 0.05 was considered statistically signicant.
Results
PGM ameliorated learning and memory decits in APP/PS1 mice
To investigate the potential therapeutic effect of PGM on the cognitive function of APP/PS1 mice, we conducted the MWM test to assess spatial learning and memory ability. Compared with WT mice, the saline-treated APP/PS1 mice spent more time locating the platform (escape latency times) during the training trails (Fig. 2 ). In addition, the crossing number on the platform in the probe trail was lower in the saline-treated APP/PS1 mice than that of the WT mice. The results indicated that the salinetreated APP/PS1 mice possessed a signicantly decreased cognitive ability in terms of spatial learning. Such decit was improved by PGM treatment, and PGM 10 mg kg À1 treatment signicantly restored the escape latency in APP/PS1 mice (P < 0.05) (Fig. 2B) . Meanwhile, in the probe test, compared with the saline-treated APP/PS1 mice, there was a signicantly increased number of platform crossing in PGM treated mice at the dosage of 10 mg kg À1 (APP/PS1-PGM 10 mg kg À1 ) (P < 0.05) (Fig. 2D) . These available data suggested that PGM improved the learning and memory ability in APP/PS1 mice. Moreover, there was any signicant difference among the WT mice in the escape latency times (Fig. 2C) . The results suggested that PGM treatment did not inuence the activity of WT mice. In addition, the body weight of all the mice during the experimental period increased slightly, but there was any signicant difference in body weight gain among the eight groups (Table 1) .
PGM ameliorated histological and morphology of hippocampal area in APP/PS1 mice
Considering the vital role of hippocampal area in the learning and memory, the number and morphology of the hippocampal cells were examined using H&E and Nissl staining. As shown in Fig. 3 , the DG, CA1 and CA3 hippocampal cells in the WT mice exhibited a regular arrangement with distinct edges and a clear nucleolus and nucleus, and less interstitial space were found as compared with saline-treated APP/PS1 mice. However, a large number of neuronal necrotic cells and injured neurons with an unclear architecture were observed in saline-treated APP/PS1 mice. In addition, the cells were sparse and arranged in disorder with the nucleus pyknotic in this group. Compared with saline-treated APP/PS1 mice, the PGM-treated APP/PS1 mice (5 and 10 mg kg À1 ) showed an obviously decreased number of necrotic neuron (Fig. 3) . The abnormalities of the neuronal morphology were ameliorated by PGM treatment. Moreover, the interstitial space was found to become narrower in PGM-treated APP/PS1 mice as compared with saline-treated APP/PS1 mice ( Fig. 3 ). However, the therapeutic effect of the PGM at the dosage of 20 mg kg À1 was not obvious.
The Nissl staining showed that the number of neurons signicantly reduced in the hippocampal area in saline-treated APP/PS1 mice as compared with WT mice (Fig. 4) . The results obtained from Nissl staining were in consistent with the abovementioned results. While aer being treated with PGM, the distorted hippocampal cell morphology was attenuated and the number of Nissl bodies were increased signicantly ( Fig. 4) . Apparently, the reduction in the number of neurons was significantly lower in the PGM 5 and 10 mg kg À1 treated APP/PS1 mice as compared with saline-treated APP/PS1 mice (P < 0.05 and P < 0.01, respectively) ( Fig. 4B ). In addition, compared with salinetreated APP/PS1 mice, the PGM-treated (5 and 10 mg kg À1 ) APP/PS1 mice showed signicantly ameliorated abnormalities of neuronal morphology. These available data indicated that PGM could ameliorate the abnormalities of hippocampal region in APP/PS1 mice and possessed protective effect on the morphology of hippocampal neurons.
PGM alleviated Ab plaque burden in APP/PS1 mice
Then, we explored whether PGM exerted its effect on alleviation of Ab pathology. To examine the amyloid burden in APP/PS1 mice, the immunostaining with the anti-Ab 1-42 antibody was performed in the brain sections, and the amount of Ab 1-42 plaques was quantied. Compared with WT mice, the APP/PS1 mice showed a signicantly higher of the mean area covered by Ab 1-42 -positive plaques in the cortex and hippocampal region (include DG, CA1 and CA3) ( Fig. 5A-D) . While, the mean area containing Ab plaques was signicantly less in PGM-treated APP/PS1 mice than that of the saline-treated APP/PS1 mice ( Fig. 5E-H) . The results demonstrated that PGM signicantly reduced the plaque number per mm 2 of Ab 1-42 -positive plaques compared with the saline-treated APP/PS1 mice, suggesting that PGM exerted its effect on alleviation of Ab pathology.
PGM aggrandized glial cell activation in the hippocampal region in APP/PS1 mice Glia cells, which are abundant cell types found in the central nervous system, have been shown to play crucial roles in regulating both normal and disease states especially in AD pathology. 18 To investigate the effect of PGM on the activation of glial, the astrocyte marker (GFAP) and microglial marker (Iba1) expression were determined using immunouorescent staining in the hippocampal DG region of APP/PS1 mice ( Fig. 6A-D) . Compared to saline-treated APP/PS1 mice, PGM treated APP/PS1 mice at the dosage of 10 mg kg À1 showed a signicantly increased number of the activated astrocytes and microglia in the hippocampal DG (P < 0.01 and P < 0.05, respectively) ( Fig. 6E and G) . In addition, the size of the activated astrocytes and microglia in the hippocampal DG was enlarger than that of the saline-treated APP/PS1 mice ( Fig. 6A and C). While there was no signicant differences in PGM treated mice at the dosage of 5 and 20 mg kg À1 groups. However, in WT mice, there was any signicant difference between the PGM treated mice and the saline-treated mice in glia cell activation ( Fig. 6F and H) . 
PGM enhanced microglial recruitment around the plaques and promoted Ab phagocytosis and clearance
Microglia are macrophage-like phagocytes in the central nervous system. 6 In the brain, extracellular Ab is mainly phagocytosed and cleared by microglia. 18 Given that the signicant reduction of Ab deposits was found in APP/PS1 mice upon PGM treatment, the immunochemistry analysis was performed to co-label microglia and Ab plaques using anti-Iba1 and anti-Ab 1-42 antibodies. The results showed that microglia were recruited adjacent to the plaques in the cortex and hippocampal region (include DG, CA1 and CA3) in APP/PS1 mice ( Fig. 7A-D) . The recruitment of microglia surrounding Ab 1-42 plaques was signicantly enhanced by PGM treatment. The percentage of microglia and Ab plaque burden overlap in these areas were determined by optical density analysis. Apparently, an increased percentage of co-labeled microglia in cortex (73.65% AE 2.5%), DG (83.8% AE 1.51%), CA1 (73.96% AE 1.41%) and CA3 (81.07% AE 0.98%) was observed in PGM 10 mg kg À1 treated mice as compared with saline-treated APP/PS1 mice ( Fig. 7E-H) . The results suggested that PGM decreased the Ab plaque burden via promoting the activation of microglia cells, which clustered around the Ab plaque burden, and thereby performed the corresponding role of phagocytosis and clearance.
Discussion
In past decades, great efforts have been made to investigate the pathogenesis and therapies of AD. Current medications used to treat AD, which include donepezil and memantine, are not highly effective. 19 Therefore, further investigation into the effective interventions which could counteract AD is needed.
Recently, owing to their multimodal effects and relatively low toxicities, the functional foods are become highly potent drug candidates for the treatment of AD. 20 In the present study, we revealed that a polysaccharide bioactive component of Maitake (PGM) could signicantly alleviate learning and memory decits in APP/PS1 mice. The present ndings highlighted the possibility of using PGM as a drug for the treatment of AD. Maitake (Grifola frondosa), the king of mushrooms, is one of the most valuably traditional medicines. It has been used as a health food for a long time in China, Japan, and other Asian countries. 15 Polysaccharides, which were extracted from Maitake, have been reported to possess multiple effects such as immunomodulatory, antitumor and antioxidant effects. 14 In a recent study, Chen et al. reported that oral administration of Grifola frondosa polysaccharides could improve memory impairment via antioxidant action in aged rats. 17 Such polysaccharides exerted their biological activities mainly through immunomodulation, however, whether the polysaccharides improved the learning and memory ability through mediating the immune pathway remains unclear. In addition, the role of PGM in Ab deposition, the most iconic pathological marker of AD, remains unexplored. Nowadays, APP/PS1 double transgenic mice, which mimic the pathological hallmarks of AD in terms of Ab deposition, have been widely used as an animal model of AD. 21 This study further suggested that PGM could improve the learning and memory impairment in APP/PS1 mice, and provided clear evidence that PGM treatment could increase the number of surviving neurons and maintain the histomorphology of the hippocampus. Moreover, PGM could enhance microglial recruitment adjacent to the Ab plaques and improve microglial phagocytic capacity, and thereby promoted Ab clearance in APP/PS1 mice.
In concert with the behavioural result, H&E and Nissl staining revealed that the neuronal cells of cortex and hippocampus of APP/PS1 mice were signicantly loss and shrinkage than those of the WT mice. The changes of neuronal cell density and morphology were in consistent with the previous study that a number of pathological modications were observed in the brain of APP/PS1 mice. 19, 22 In the current study, the reduction of the shrunken neurons and ameliorative cell morphology were found by PGM (5 and 10 mg kg À1 ) treatment, indicating that PGM possessed a neuroprotective effect. Moreover, the Nissl positive cell numbers per mm 2 in the DG region of the hippocampus in PGM (5 and 10 mg kg À1 ) treated mice showed a signicant increase as compared with saline treated-APP/PS1 mice. The results indicated that PGM could protect neurons from damage, and thereby improved the learning and memory impairment.
It has been reported that the accumulation and deposition of Ab in the brain could drive the pathogenic cascades of AD. 1 Microglia, the resident immune cells of the brain, are the rst responders to Ab accumulation and phagocytosis. 23 During the disease progression of AD, microglia cluster around Ab deposits and adopt a polarized morphology with hypertrophic processes extending toward plaques. 18 Microglia exerted the potentially protective impact on AD progression through regulating the degree of amyloid deposition by phagocytosis of amyloid aggregates. 24 Recently, it is reported that multi-sensory gamma stimulation can ameliorate Alzheimer's-associated pathology and improves cognition, enhancing microglial recruitment around the plaques and promoting of the Ab phagocytosis and clearance played important roles in this process. 25 Moreover, Zhao et al. reported that depletion of microglia in an AD mouse model led to an overproduction of plaque. Also, dendritic spine loss and sha atrophy in adjacent neurons were observed in AD mouse model. 26 However, chronic and sustained microglial activation could cause the overproduction of neurotoxic inammatory cytokines and reactive oxygen species, which aggravated the disease progression of AD. 27 Unfortunately, AD patients who accepted anti-inammatory therapy did not show any cognitive benets, 28 suggesting that neuroinammation was not a major driver of AD. Actually, inammation in neurodegenerative disease is a double-edged sword. 29 Therefore, we thought that the activated status of glial cells and their roles in the pathology of AD were related to the disease progression of AD and the type, intensity and duration of the medication used to treat AD. Thus, the specic mechanisms and the corresponding outcomes should be explored.
Furthermore, several evidences showed that a b-glucan, which was extracted from Grifola frondosa, not only directly activated various immune effector cells (macrophages, killer T cells, and natural killer cells), but also potentiated the activities of various mediators, including lymphokines and IL-1 (the rst mediator in the activation of T cell lines). 14 Remarkably, polysaccharides derived from Grifola frondosa were more likely to activate the immune system under pathological condition, and thereby exerted multiple biological activities. However, like most immunomodulators, PGM showed a double-edged sword effect on the regulation and subsequent effect of immunity; it has a benecial effect with reasonable concentration and intensity, otherwise it might be difficult to exert its effect or show adverse effect. In the current study, the results suggested that PGM possessed the most satisfactory effect on the learning ability of APP/PS1 mice and the most signicantly protective effect on hippocampus at the medium dosage (10 mg kg À1 ). In addition, the clearance of Ab deposits and regulation of glial cells were most effective by PGM treatment at this dosage. While, the high dosage of PGM (20 mg kg À1 ) did not show the above effects. Therefore, the follow-up study of PGM especially the dose-effect relationship on glial cells and the corresponding role in AD should be applied. In addition, it is imperative to study the therapeutic basis of PGM, including exploring whether there are other immune effector molecules and key signalling pathways are involved.
Conclusions
In summary, our results demonstrated that PGM, a proteinbound polysaccharide bioactive component of Maitake, could ameliorate the learning and memory function and histopathological abnormalities in hippocampal region in APP/PS1 mice. The activation of microglia and astrocytes and promotion of microglial recruitment to the plaques and enhancement of Ab phagocytosis were found by PGM treatment. These effects were contributed to the alleviation of Ab burden and the pathological changes in the hippocampus and cortex. Meanwhile, we did not observe any abnormalities or toxicity in mice by chronic or acute use of PGM. Therefore, PGM maybe a promising new candidate drug for the treatment of AD.
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